Trypsin inhibitors are widely distributed a mong cereal grains and they have been iso lated from whole wheat flour,1) corn seed,2) rye and wheat germ,3) and barley.4) These in hibitors have been extensively studied in terms of their physicochemical properties, inhibition mechanisms and structures, and shown to be excellent models for the research on proteinprotein interaction. In addition their presence in plants which contribute an important source of dietary protein has also stimulated the investigation regarding their nutritional signifi cance.
The presence, in rice, of a trypsin inhibitor has been reported by Horiguchi and Kita gishi,5) who have shown that the inhibitor was localized on the embryo and its activity decreased during germination. Recently we have also found that the 1 % NaCl extract from commercial rice bran had strong anti-tryptic activity.
In this paper, the isolation and some pro perties of the trypsin inhibitor in rice bran are described.
MATERIALS AND METHODS

Materials.
The rice bran used was obtained com mercially. Trypsin (2 x tryst., from bovine pancreas), Determination of protein concentration. Protein concentration was determined by the method of Lowry et al.,6) using bovine serum albumin as a standard or estimated from absorbance at 280 nm.
Assay of trypsin and trypsin inhibitory activities. The proteolytic activity of trypsin was measured by the casein digestion method of Hagihara et al.7) with a slight modification.
The incubation mixture con sisted of 0.5 ml of 0.1 M sodium borate-HCl buffer, containing 5 mm CaCl2, pH 7.6, 0.1 ml of trypsin solution (approx. 0.5 mg/ml) and 3.0 ml of 1.2%, casein solution adjusted to pH 7.6. After incubation for 5 min at 25°C, 3.0 ml of 0.13 M trichloroacetic acid containing 0.26 M sodium acetate and 0.39 M acetic acid was added to terminate the reaction. The resulting suspension was kept at 25°C for 30 min and then filtered through Toyo No. 5C filter paper . The ab sorbance of the filtrate was then determined at 275 nm.
The hydrolytic activity of trypsin for BAPA was measured by the modified method of Erlanger et al .8) Fifty milligrams of BAPA was dissolved in I ml of dimethylsulfoxide and the solution was diluted to 1OOml with warmed 0.1 M Tris-HC1 buffer , containing 20mM CaCl2, pH 8.0. The reaction mixture consisted of 0.3 ml of the buffer, 0 .1 ml of trypsin solution (approx. 0.2 mg/ml) and 2.0 ml of the BAPA solution. After incubation for 10 min at 37°C, the reaction was stopped by the addition of 1.0 ml of 10% acetic acid, and the absorbance of the mixture was determined at 410 nm.
The inhibitory activity was estimated from the residual trypsin activity in the presence of the inhibitor and expressed as per cent inhibition (I) for the control assay using the following equation; I(%)=100(T-T*)/T where T* and T are the respective activities of trypsin with and without the inhibitor.
The inhibitor unit was defined as the amount of inhibitor required for the complete inhibition of 1 mg of trypsin. The concen tration of trypsin solution was calculated from the optical factor of 0.67 at 280 nm.9) Pepsin digestion. The reaction mixture , which consisted of 1.0 ml of 0.6% inhibitor solution in 0 .1 M NaCI-HCl buffer, pH 1.8 and 0.5 ml of 0.06% pepsin solution in the same buffer, was incubated for 24 hr at 37°C. After an appropriate time during the in cubation, a sample of 50 pl was removed from the reac tion mixture and immediately diluted to 0 .3 ml with 0.1 M Tris-HCl buffer, containing 20 mm CaCl2 , pH 8.0. The trypsin inhibitory activity of the sample solutions was then determined using the substrate of BAPA . As a control, 0.1 M NaCl-HCl buffer, pH 1.8 was used in place of the pepsin solution.
Gel filtration.
The inhibitor, 50 mg , was dissolved in 2.0 ml of 0.1 M NaCl. After centrifugation , the supernatant solution was applied to a Sephadex G-75 column (2.0 x 61 cm) equilibrated with 0.1 M NaCl and eluted with the same solution at a flow rate of 10 ml/hr . In addition, 30 mg of the inhibitor was chromato graphed on the same column equilibrated with 0.1 M acetic acid as above. The absorbance at 280 nm and the inhibition of the hydrolysis of BAPA by trypsin were determined for these effluent fractions (2.4ml/ tube). The molecular weight of the inhibitor was estimated from its elution volume on the Sephadex G-75 column which had been calibrated with the marker proteins. Ion-exchange chromatography. The inhibitor, 100 mg, was dissolved in 4.0 ml of 0.05 M sodium phosphate buffer, pH 5.7 and the solution was applied to a column (2.0 x 32 cm) of CM-Sephadex C-25 equilibrated with the same buffer. The protein was first eluted with 180ml of 0.05 M sodium phosphate buffer, pH 5.7 and then with a linear salt gradient in the same buffer (200 ml, 0 to 0.5 M NaCl) at a flow rate of 10 ml/hr . Fractions of 3 ml were collected to determine the absorbance at 280 nm and the trypsin inhibitory activity. RESULTS 
AND DISCUSSION
Preparation and properties of the crude trypsin inhibitor All operations were carried out at room temperature. Lipid was removed from rice bran with cold acetone (-20°C) before iso lating the inhibitor, After drying of the defatted bran, a 150 g portion was homogenized with 750 ml of 1 % NaCl in a mixer for 15 min and the homogenate was then centrifuged at 10,000 g for 15 min. The supernatant fluid was removed and the meal was re-extracted with 750 ml of 1 % NaCl. Solid ammonium sulfate was added to the combined extracts to give 40 % saturation. After standing over-night, the mixture was centrifuged and the supernatant solution was brought to 80 ammonium sulfate saturation. This mixture was stood for 1 day and then centrifuged. The precipitate obtained was dissolved in a minimum volume of distilled water and the solution was dialyzed against distilled water. The dialyzed solution was centrifuged and the supernatant solution was lyophilized, and it was regarded as a crude trypsin inhibitor. By this procedure, 1.18 g of the crude inhibitor was obtained from 150g of the defatted rice bran and the protein content of this prepa ration was determined to be 84.6 %.
Extraction of the bran with 1 %NaCl resulted in a solution (1400 ml) which inhibited 493 mg of trypsin per 150 g of starting material and the specific activity of the extract shown to be mg of inhibited trypsin per mg of protein was 0.045. These total and specific activities were the same level to those of the extract of the navy bean.12), This high inhibitor content is a problem relating to the nutrition of animals, since there is a possibility that a considerable amount of trypsin inhibitor, which causes growth depression and pancreatic hypertrophy when fed to animals,"' remains in the protein isolated as feed source from rice bran. The 40-80% ammonium sulfate fractionation and the dialysis resulted in the inhibitor solution (460 ml) having a specific activity of 0.280 and a total activity of 279 units, but 43 % of the original activity was lost by these treatments. This may be due to the diffusion of the in hibitor into outer solution during dialysis. The inhibitor seems to pass through the visking cellulose tube when high osmotic pressure oc curred. Actually, this activity loss was pre vented by the use of acetylated cellulose tube14) at dialysis.
The trypsin inhibitory activity of the crude inhibitor is shown in Fig. 1 . Casein and BAPA were used as the trypsin substrate. BAPA is a D,L-isomer, and therefore the n-isomer of a competitive inhibitor for trypsine8) is always present during the enzyme assay. However, the presence of the D-isomer merely affects the apparent Km value of the substrate. As At acidic and neutral pHs, however, it retained more than 50 % of its activity after the 30 min incubation at 90°C. Further, no change in the activity was observed during the 24 hr in cubation at 37°C and pH 1 -10. Therefore, it is concluded that the inhibitor was stable at acidic and neutral pHs. The crude inhibitor was gradually inactivated during the incubation with pepsin as shown in Fig. 3 . Mikola and Suolinna have reported that the purified barley trypsin inhibitor was completely destroyed by incubation with pepsin at pH 2.1 and 25°C.4) In our experiment, however, the inhibitor still retained about 50% of the initial activity after the 24 hr incubation with pepsin. This sug gests that even if the inhibitor preparation used is not free from contaminating proteins, the rice bran trypsin inhibitor possesses a certain extent of resistivity to the attack of proteolytic enzyme.
Molecular weight of the trypsin inhibitor Figure 4 shows the elution profiles of the crude inhibitor on a Sephadex G-75 column. The patterns of inhibitory activity were observed as a single peak on respective gel filtra tions using 0.1 m NaCl and 0.1 M acetic acid as eluents, but the elution positions of the pro teins with the activity were distinct each other. Apparently the inhibitor was more rapidly eluted with 0.1 M NaCl than with 0.1 M acetic acid. The molecular weights of this inhibitor Fig. 4-(a) .
SDS-polyacrylamide gel electrophoresis was per formed in 10% gels. A current of 8 mA per tube was supplied for 5 hr at room temperature.
(a), the crude trypsin inhibitor; (b), the active fraction. Isoelectric focusing of the crude inhibitor The result of isoelectric focusing is shown in Fig. 7 . The trypsin inhibitor peaks were observed at pH 6.5 and 8.2. This indicates that at least two types of trypsin inhibitor are present in rice bran. However, pI 6.5 inhibitor peak was negligibly small. It is, therefore, concluded that the most of the trypsin in hibitory activity in rice bran is attributable to the presence of pI8.2 inhibitor.
Ion-exchange chromatography of the crude inhibitor The isoelectric focusing result suggested that the rice bran trypsin inhibitor could be further purified by ion-exchange chromatography using cation-exchanger.
The crude inhibitor was therefore chromatographed on a CM-Sephadex C-25 column at pH 5.7. The result of this experiment is shown in Fig. 8 . As we had expected, the protein with strong anti-tryptic activity was adsorbed on to the CM-Sephadex and eluted as a single protein peak with a linear salt gradient. On the other hand, most of the protein applied to the column was ob tained as non-adsorbable fraction which had little the activity. By this chromatography, the rice bran trypsin inhibitor could be purified about 6-fold over the crude inhibitor and the yield of the activity was approximately 70%.
